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Novel preparation of hypericin bonded with polv-N-vinvlamides 

Hypericin is often found in nature and is a colorant and 
plant substance respectively, which is not only contained in Hy- 
pericum perforatum (St. John's Wort) but also in many other Hy- 
pericum species {Hypericum hirsutum, H. montanum etc.)f as well 
as in different other plants (e.g. in buckwheat with side chains 
as fagopyrin) . This pigment is found further in protozoans (Ble- 
pharisma, Stentor coeruleus) , in „half-wings^^ (Jbugs, Hemiptera) 
and as a preliminary stage in agaric DermocyJbe austroveneta , The 
lichen species Nephroma laevigatum contains hypericin de- 
rivatives as well. 

Via emodin from Cortex frangulae (buckthorn bark) a simple 
semisynthetic way to hypericin arises. 

Since about 20 years hypericin is examined regarding its 
possible use for therapeutical applications. However the lipidic 
and water-insoluble characteristics of hypericin make the appli- 
cation in the human body difficult. 

EP 0 702 957 Bl and DE 197 56 677 Al respectively describe 
drug extracts from different plants, that are narrowed until dry 
after addition of polyvinylpyrrolidone (a poly-N-vinylamide) . 
Thereby a heterogeneous mixture of some hundreds to thousand 
different plant substances and polyvinylpyrrolidone (in the fol- 
lowing in short referred to as PVP) is generated, that eventual- 
ly shall be used for peroral taking. 

In docximents WO 94/14956 and US 5 952 311 Bl hypericin is 
mixed with an energy dispensing substance like luciferin. This 
chemical activator substance eventually transfers energy to the 
photosensitizer . 

In the last 25 years the selective photosensitization of ma- 
lignant tissues or tissue diseases of different kind evolved 
into an independent medical field [1, 2, 6] . Therein in particu- 
lar two methods are clinically applied [3] : 

— utilization of physical effects (e.g. fluorescence induced by 
light) for diagnosis (photophysical diagnosis, PPD) 

— utilization of the photodynamic processes induced by light as 
form of therapy (photodynamic therapy, PDT) 

Today the development of PDT and PPD shows a progressive 
course. Since 1992 the monthly output of scientific publications 
nearly trebled (Current Contents: Life Sciences). This fact can 
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be ascribed on the one hand thereto, that the PDT has proven to 
be an effective tumor therapy and which on the other hand is 
also used for non-malignant diseases like for example vascular, 
virus diseases. 

PDT and PPD use mechanisms, that underlie the interaction 
between light and tissue. Mediators of this interactions are a 
suitable photosensitizer and oxygen. Thus four spheres of influ- 
ence arise - light, sensitizer, oxygen and tissue matrix (physi- 
cal-optical and chemical nature of tissue [4, 5]), whose 
combined action enables the successful application of PDT and 
PPD. Photosensitizers, which exhibit low systemic toxicity and 
in the ideal case concentrate in malignant tumors are adminis- 
tered. Ensuing exposure with visible light induces photochemical 
reactions, mainly of type II, but of type I as well, that to a 
large extent cause a destruction of biomembranes, biomolecules 
and subcellular organelles [3] • These reactions are therapeuti- 
cally utilized in the photodynamic tumor therapy, in which cyto- 
toxic reactants of the activated photosensitizers destroy tumor 
cells. Furthermore sensitizers concentrated in malignant lesions 
can be established to diagnostic methods via their fluorescence 
light. 

Now in a first aspect the present invention concerns an ac- 
tive agent combination for the diagnostics and treatment of 
tumors, comprising a water-soluble complex or a water-soluble 
compound of pure hypericin, as the case may be, and a poly-N-vi- 
nylamide. It is known, that poly-N-vinylamides like e.g. PVP 
complex colorants, surprisingly it turned out in experiments, 
that lipophilic colorants as well like hypericin can be brought 
into aqueous solution that way. Especially for the systemic app- 
lication of larger amounts (up to 5 mg/kg body weight) up to now 
the appropriate aqueous form of administration was lacking, 
which is now provided by the active agent combination according 
to the invention for the first time. 

In particular the present invention concerns an active agent 
combination, comprising a water-soluble complex or a water-solu- 
ble compound of pure hypericin, as the case may be, and polyvi- 
nylpyrrolidone (PVP) of different degrees of polymerization and 
cross-linking. By bonding of the pure substance hypericin to 
polyvinylpyrrolidone (PVP) a well water-soluble complex of the 
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per se water-insoluble sensitizer hypericin can be presented, 
which is suitable for therapeutic and diagnostic applications. 
By the complexing of hypericin with PVP a water-soluble form of 
hypericin is available for the first time, which is easily app- 
licable and with which a better distribution of the sensitizer 
and a better concentration and selectivity in pathological 
tissue can be achieved. The use of strongly tissue irritating 
organic solvents thus becomes avoidable and a physiologically 
favorable form of application of sensitizers (hypericin, comple- 
xed with PVP = colorant complex) for diagnostics or treatment of 
malignant but also non-malignant diseases presentable. 

The water-soluble active agent combination can for example 
be employed in the execution of photophysical diagnostics (PPD) . 
After selective binding of the complex to lesions of human 
tissue, the hypericin is stimulated as colorant with e.g. elec- 
tromagnetic radiation (light) and the physical or chemical resp- 
onse, as the case may be, is utilized for diagnostics. Lesions 
e.g. in the bladder (by rinsing) could thus be stained and be 
detected successfully via fluorescent light after stimulation. 

The pure substance hypericin can be isolated e.g. from 
plants or synthetic hypericin, for example synthesized from emo- 
din, can also be employed, bonded or complexed with polyvinylpy- 
rrolidone (PVP) of different degrees of polymerization and 
cross-linking. Thereby the otherwise water-insoluble colorant 
hypericin can be administered in aqueous form for different me- 
dical purposes. Hypericin is employed in chemical pure form, 
plant extracts, that are composed of several hundred substances, 
are not suitable and not object of the present invention. In the 
state of the art PVP is used as substitute for blood serum, 
artificial lachrymal fluid, for detoxication and as binding and 
coating agent for tablets (oral application) . As substitute for 
blood serum however today mainly dextrans, gelatine-starch-de- 
rivatives and serum-protein-solutions are used, which can also 
complex colorants and can be employed as adjuvants in the active 
agent combination according to the invention. By the use of 
these different solubilizers the tissue selectivity and affinity 
is altered as well, thus a more selective concentration in the 
corresponding tissue is promoted. 

Polyvinylpyrrolidones (PVP) with a degree of polymerization 
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of low molar weights (10000-90000 g/mol) are preferably used, 
since these can diffuse through cell membranes and are excreta- 
ble. As occasion demands the degree of polymerization of PVP can 
also be set higher. 

According to a preferred embodiment of the present invention 
the molar ratio of hypericin to poly-N-vinylamide in the active 
agent combination is about 1:1. In particular depending on the 
field of application about the following concentrations exist in 
the water-soluble active agent combination: 

hypericin from 1 pmol/1 to 0,1 mol/1 

poly-N-vinylamide from 1 pmol/1 to 0,1 mol/1. 

Moreover the molar ratio of PVP to hypericin is dependent on 
the degree of polymerization and cross-linking of the PVP. The 
smaller the molar weight of PVP, the higher its concentration in 
relation to hypericin has to be, in order to completely complex 
the hypericin as sensitizer. With topical administration the 
concentration of hypericin has to be set even higher because auf 
the low diffusion rate . 

Further the present invention relates to a process for the 
production of the active agent combination according to the in- 
vention, whereby hypericin is bonded or complexed, as the case 
may be, with a poly-N-vinylamide, preferably PVP. In doing so 
the complexing is carried out preferably in aqueous, optionally 
buffered solution. Thus for example hypericin (isolated from Hy- 
pericum perforatum or e.g. synthesized from emodin) can be com- 
plexed in aqueous solution (for instance physiological salt 
solution) with polyvinylpyrrolidone (PVP) for formation of the 
water-soluble active agent combination according to the inventi- 
on. By the process according to the invention complexes and 
compounds, as the case may be, are produced, which can be ac- 
tivated, which comprise hypericin, that is complexed or cova- 
lently bonded with poly-N-vinylamide of different degrees of 
polymerization . 

Further the active agent combination is preferably provided 
in a way known per se for the intravenous, intracavitary, inha- 
lative, oral, intraperitoneal and topical administration, in hy- 
drophilic or hydrophobic carriers, preferably in form of a 
solution, a cream, a gel, an aerosol, of emulsions or as a 
plaster. 
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According to a further aspect of the present invention the 
use of the active agent combination according to the invention 
for the production of a medicament is provided, in particular 
for the production of a medicament for the treatment of tumors 
and diseased tissue. Susceptible to treatment are above all 
tumors and lesions on and under the skin as well as in cavities 
and lumens or parts of tissue, which lie deeper. The transport 
of the active agent combination according to the invention 
preferably takes place via the vessels or by diffusion through 
skin and/or tissue to the lesions, where a selective concentra- 
tion of the active agent combination due to different morphology 
and physiology for instance of tumors takes place. Non-physiolo- 
gical (pathological) processes in the organism comprise benign 
as well as malignant diseases. All these diseases are characte- 
rized by increased metabolism. Also due to this fact, the active 
agent combination according to the invention preferably accumu- 
lates in these body regions. Thereby an increased sensitization 
of the diseased tissue area is to be achieved. The light energy 
(electromagnetic radiation) necessary for stimulation can for 
instance be brought to the target tissue my means of an optical 
waveguide. In cavitary regions (cavities like e.g. the bladder 
as well) the diffusion of the colorant-complex into the lesions 
can be made possible via rinsing of the tissue also with higher- 
molecular PVP. 

The use of the active agent combination according to the in- 
vention for the production of a means of diagnosis for photo- 
physical or photodynamic diagnostics, as the case may be, and 
for the early cancer diagnosis is preferred as well. 

The active agent combination according to the invention con- 
centrates in malignant as well as benign lesions, but not in he- 
althy tissue. Thus the detection of lesions via emitted 
fluorescent light is possible (diagnostics) . The selective 
sensitization further makes therapeutical treatment (photodyna- 
mic therapy) possible. 

If with the first treatment with the active agent combinati- 
on according to the invention the complete removal of malignant 
or pathological tissue can not be achieved, a repetition of the 
therapy is possible. If necessary, it is treated thereafter se- 
veral times at intervals of some weeks. 
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The active agent combination according to the invention is 
administered with systemic application about 0^1 to 36 hours be- 
fore the treatment or diagnosis, as the case may be. In doing so 
dosages from 0,1 mg to 5,0 mg active agent combination per kg 
body weight have proven to be favorable. The concentration in 
the target tissue is determined according to conventional me- 
thods (fluorescence spectroscopy) . 

The complexation of hypericin and PVP is characterized by 
the special selectivity. According to first examinations by 
means of confocal laser microscopy the substance concentrates in 
tumor cells and gets as far as into the endoplasmatic reticulum 
of the cell, but not into the cell-nucleus (chemical/toxical 
effects on the genetic information in the cell-nucleus can thus 
be held behind) . The advantages over the studies conducted only 
sporadically with other sensitizers like porphyrins and their 
precursors ( 5-amino-levulinic acid) are: 

- besides photo-sensitization of the affected tissue side 
effects hardly arise: hypericin-PVP is relatively inert for the 
metabolism, 

- short biological half-life of hypericin (34-38 h) , 

- good water-solubility of the complex, however hypericin 
itself is lipophilic and can be delivered from the complex into 
lipid cell compartments, 

- from the results so far, an excellent tumor selectivity 
can be expected, with many therapeutical and diagnostic applica- 
tion possibilities, 

- hypericin is a natural plant substance, the raw materials 
are St. John's Wort, which can be cultivated in Austria (porphy- 
rins are synthetic or from cattle or pig blood, as the case may 
be) . 

The present invention is now further elucidated with refe- 
rence to the accompanying figures. 

Fig. 1 shows the time-dependent solubility of hypericin 
after complexation by PVP. Without PVP no absorption shows in 
the relevant spectral region (curve a) , in aqueous environment 
hypericin forms at once insoluble aggregates, that precipitate 
and above all do not show any fluorescence any more (see Diwu Z. 
et al. [14]). On the other hand the present solution of hyperi- 
cin-PVP shows the typical absorption spectrum and emits fluo- 



rescent light at a wave length of about 600 run (hypericin + PVP 
after 30 minutes, curve b; hypericin + PVP after 60 minutes, 
curve c; hypericin + PVP after 180 minutes, curve d) . This 
shows, that hypericin exists in dissolved form (hypericin in 
aggregated or microdispersive form does not emit fluorescent 
light after stimulation) . 

In Fig. 2 micrographs of human erythro-leukaemic cells of 
the K562 cell line are shown, which were incubated with the hy- 
pericin-PVP-complex according to the invention. The postmitotic 
distribution of the complex suggests a high affinity to adhesion 
contact points of the cells (see arrow), whereby the photodia- 
gnostic specificity of the hypericin-PVP-complex according to 
the invention with regard to proliferating cancer tissue is pro- 
moted. 

Clinical examination : 

The method was tested with four patients with well diffe- 
rentiated bladder tumors. Here the substance (hypericin-PVP-so- 
lution) was instilled via a thin bladder catheter. Two hours 
later a cystoscopy took place with the aid of a fluorescence 
system (D-Light, Storz, GER) . In doing so a blue violet light 
for stimulation of fluorescence is employed. The fluorescence 
detection takes place with the aid of an optics, which contains 
a narrow-band yellow filter, through which the clear red fluo- 
rescence can be identified with the eye. A clear fluorescence of 
the visible tumor of the urinary bladder appears, which was also 
clearly visible under white light inspection. In addition 2 
smaller, clearly fluorescence positive areas appeared, which had 
not been identified under white light. It is remarkable, that 
under the longer irradiation with the blue violet light no blea- 
ching of the fluorescence occurred. 

A further examination approach is the fluorescence cytology. 
In cytology the urine of the patient is tested for malignant 
cells to find out, if the patient possibly has a bladder tumor 
relapse. The poorly differentiated bladder tumors can be identi- 
fied very well by conventional urine cytology. But unfortunately 
it is difficult to differentiate the cells of the well diffe- 
rentiated bladder carcinoma from the normal urothelia cytologi- 
cally. However since the well differentiated bladder tumors are 
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also fluorescence positive (the cases described above concern 
well differentiated bladder tumors), the existence of a bladder 
tumor can be diagnosed by means of the fluorescence of the ex- 
creted cells. 

In addition to the precise localisation of the tumors the 
therapeutical intervention by photodynamic therapy also can be 
carried out in succession. The tumor (or the lesion as the case 
may be) , which has concentrated the photosensitizer , can in this 
way be necrotized with appropriate stimulation light and appli- 
cation of energy. 
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